A new operator derivation of the relation giving the photon-number generating function, 6 (y), in terms of the quantum characteristic function, C(g, g ), is presented. The inverse problem is then solved, calculating C(g, g ) directly from 6(y). Because G(y) contains less phase information than C(S, g ), we can either assume that the field has a completely random phase (e.g., a stationary field) or be content with calculating the phase average of C(g', g ). We then derive an expression giving G(y) for the superposition of two arbitrary, independent fields in terms of the individual G(y)'s for each (stationary) Aeld. A number of examples illustrate the methods, including a determination of the quantum characteristic function for a 6eld vrith K-distributed amplitude fluctuations.
I. INTRODUCTION AND BACKGROUND
In an earlier report' a method was presented for calculating the number generating function directly from the quantum characteristic function for the electromagnetic 6eld. It was argued that such a relation was ' 'j= g p"(1 -y)", contains less, but more directly usable, information than the normally ordered quantum characteristic function. The latter is de6ned by C(g, g')=tr(pe~' e~' ) . (2) In these equations a and a are the creation and annihilation operators, respectively, for a single mode of the electromagnetic field. Convergence of the sum in Eq. (1) 
This equation is identical (except for a reordering of terms) with one for spontaneous emission obtained previously moreover, we have explicitly identified the terms corresponding to interference effects. This is analyzed more fully in a companion paper. ' Equation (18a) must be used only for the appropriate physical superposition process as it leads to probabilities greater than one and less than zero when the original state is extremely nonclassical, such as one with a definite photon number. This can be seen quite easily from Eq. (22) 
(n(n -1) (n r+1)) -=(n )' , r!I (r+a) (50) aT ( (61) which agrees with the previously obtained result.
Another example using Eq. (59) is the addition of a single photon to an arbitrary field (with a nonsingular P representation) having generating function Go(y). 
The pole of gI is at u =0, and is of order 2. The residue is therefore given by
Note that, because only the relative phase is meaningful, it is sufficient that only one of the two fields have a completely random phase. %'hatever the distribution of phase for the second 6eld, the relative phase will still be uniformly distributed in [0, 2n t.
To illustrate the use of this formula we first apply it to the addition of thermal noise to an arbitrary field, which is derived in Appendix A using Eq. (3). For this case, G, (y ) is that of a Bose-Einstein distribution and Gi --Go is arbitrary. Equation (59) Go(y) and characteristic function Co(g, g ), the characteristic function for the total field is the product of the two, C(g, (*)= exp( -1/1 nT)CO(g, g') . 
Because the multiplication of the characteristic functions of independent processes to obtain the characteristic function of the sum of the processes is such a standard P(a)= f f P, (a -a')Pz(a')d a' .
For such states of the field, the (normally ordered) quantum characteristic function is expressed as
